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Fermilab Lattice and MILC collaborations

♠ FNAL-HISQ working group
• Carleton DeTar
• Aida El-Khadra
• Elvira Gámiz
• Zechariah Gelzer
• Steven Gottlieb
• William Jay
• Hwancheol Jeong
• Andreas Kronfeld
• Andrew Lytle
• Alejandro Vaquero
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Semileptonic B-decays

♠ B→ π`+`−, B→ K`+`−

• Flavor-changing neutral current (FCNC) interations
• Leading standard model contributions are suppressed
⇒ New-physics effects may be larger.

• dΓ

dq2 = (known factors)× |VtbV∗tf |2 × {|f+(q2)f+(q2)f+(q2)|2, |f0(q2)f0(q2)f0(q2)|2, |fT(q2)fT(q2)fT(q2)|2}

♠ B→ π`ν, Bs → K`ν
• Precise determination of |Vub|

• dΓ

dq2 = (known factors)× |Vub|2 × {|f+(q2)f+(q2)f+(q2)|2, |f0(q2)f0(q2)f0(q2)|2}
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Form factors
♠ For B→ L decays (B ∈ {B,Bs}, L ∈ {π,K}),

f‖f‖f‖(EL) =
〈L|V0|B〉√

2MB
, (1)

f⊥f⊥f⊥(EL) =
〈L|V i|B〉√

2MB

1
ki , (2)

fTfTfT(EL) =
MB + ML√

2MB

〈L|T 0i|B〉√
2MB

1
ki . (3)

where EL is the L-meson recoil energy, MB(L) are the B(L)-meson mass,

and ki is the L-meson momentum in the B-meson rest frame.

♠ f+f+f+ and f0f0f0 are linear combinations of f‖f‖f‖ and f⊥f⊥f⊥.
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FNAL-HISQ campaign

♠ Nf = 2 + 1 + 1Nf = 2 + 1 + 1Nf = 2 + 1 + 1 MILC HISQ gauge ensemble
: one-loop improved Lüscher-Weisz gluons
+ HISQ sea quarks

♠ Valence quarks: HISQ light and strange
+ clover bottom in Fermilab interpre-
tation
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Lattice setup
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Data analysis overview
1. Binning: reduce the autocorrelation
2. Effective mass/amplitude: priors for 2pt function fitting
3. Fit 2pt function: ground state energies are used in comput-

ing ratio, excited states as priors
4. Compute the ratio

R(t,T) =
CB→L
3 (t,T)√

CL
2 (t)CB

2 (T − t)

√√√√ 2E(0)
L

e−E(0)
L te−E(0)

B (T−t)

5. Fit the ratio: extract form factors
6. Chiral-continuum fit
7. Z-expansion
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Binning
♠ Binning (blocking) with bin size bbb: (C̃[b])i = 1

b
∑b

j=1 C(i−1)∗b+j

♠ σ2(C̃[b]) = 1
bσ

2(C)+ (contribution from autocovariances)
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Autocorrelation
♠ Binning reduces the autocorrelation
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Effective mass and amplitude
♠ Effective mass and amplitude

aMeff(t) = cosh−1
(

C2(t + 1) + C2(t− 1)

2C2(t)

)
(4)

Aeff(t) =
C2(t)

e−Meff t + e−Meff(Nt−t) (5)

♠ To suppress oscillating state contributions,
1. Stride-two method

aMeff(t) =
1
2 cosh−1

(
C2(t + 2) + C2(t− 2)

2C2(t)

)
(6)

2. Averaging

C2(t) ' e−Meff t

4

[
C2(t)

e−Meff t +
2C2(t + 1)

e−Meff(t+1) +
C2(t + 2)

e−Meff(t+2)

]
(7)
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Effective mass and amplitude
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averaged

• Used as priors with some extended widths in the 2pt function fitting.
• Red bands are fit posteriors for ground state.
11 / 25



2pt function fitting

• N = (Nno,No)

: number of states

• (deaugmented) P-value:
computed by removing the
augmented term in χ2

aug

♠ Find tmin giving consistent
energies
• N = (1,1): tmin/a = 11
• N = (2,1): tmin/a = 5
• N = (3,1): tmin/a = 2
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Dispersion relation
♠ Replace non-zero momentum energies to dispersion relation.
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Averaging

♠ Averaging suppresses oscillating state contributions

C2(t) ≡e−E(0)t

4

[
C2(t)
e−E(0)t +

2C2(t + 1)

e−E(0)(t+1) +
C2(t + 2)

e−E(0)(t+2)

]
, (8)

CB→L
3,µ (t,T) ≡e−E(0)

L te−m(0)
B (T−t)

8

[
CB→L

3,µ (t,T)

e−E(0)
L te−m(0)

B (T−t)
+

CB→L
3,µ (t,T + 1)

e−E(0)
L te−m(0)

B (T+1−t)

+
2CB→L

3,µ (t + 1,T)

e−E(0)
L (t+1)e−m(0)

B (T−t−1)
+

2CB→L
3,µ (t + 1,T + 1)

e−E(0)
L (t+1)e−m(0)

B (T−t)

+
CB→L

3,µ (t + 2,T)

e−E(0)
L (t+2)e−m(0)

B (T−t−2)
+

CB→L
3,µ (t + 2,T + 1)

e−E(0)
L (t+2)e−m(0)

B (T−t−1)

]
.

(9)
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Ratio

♠ With averaged correlators,

CB→L
3 (t,T)√

CL
2 (t)CB

2 (T − t)

=

∑
m,n

(−1)m(t+1)(−1)n(T−t−1)Amn e−E(m)
L te−E(n)

B (T−t)√(∑
m

(−1)m(t+1)ZL
me−E(m)

L t
)(∑

n
(−1)n(T−t−1)ZB

n e−E(n)
B (T−t)

) (10)
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Ratio

R(t,T) =
CB→L
3 (t,T)√

CL
2 (t)C

B
2 (T − t)

√√√√ 2E(0)
L

e−E(0)
L te−E(0)

B (T−t)
(11)

'
A00

√
2E(0)

L√
ZL
0ZB

0

[
1+

∑
m

(−1)m(t+1)
(

Am0
A00
−

1
2

ZL
m

ZL
0

)
e−δE(m)

L t (12)

+
∑

p
(−1)p(T−t−1)

A0p

A00
−

1
2

ZB
p

ZB
0

 e−δE(p)
B (T−t) (13)

+
∑

m,p=1
(−1)m(t+1)(−1)p(T−t−1) Amp

A00
e−δE(m)

L te−δE(p)
B (T−t) (14)

+ (other cross terms) (15)

• We expect (12), (13)� (14), (15).
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Fit model
♠ Splitting non-oscillating and oscillating states in Eq. (12),

Eq. (13), we define our fit model:

R(t,T) ∼ F0
[
1 +

∑
mmm

FL
(mmm)e−δE

(mmm)
L t +

∑
nnn

(−1)t+1FL
(nnn)e−δE

(nnn)
L t

+
∑

ppp
FB
(ppp)e−δE

(ppp)
B (T−t)

∑
qqq

(−1)T−t−1FB
(qqq)e−δE

(qqq)
B (T−t)]

(16)

♠ N = (mmm,nnn)(ppp,qqq)

• B→ K : (2,0)(2,1)

• B→ π: (2,0)(2,1)

• Bs → K : (2,1)(2,1)
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Ratio - preliminary results
• a ' 0.06 fm, m′l/m′s = physical
• B→ K
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Ratio - preliminary results
• a ' 0.06 fm, m′l/m′s = physical
• B→ π
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Ratio - preliminary results
• a ' 0.06 fm, m′l/m′s = physical
• Bs → K

0 4 8 12 16 20 24 28 32 36
t/a

0.1

0.2

0.3

0.4

R̄
4

PRELI
M

IN
ARY

V 4

nk = (0, 0, 0)
pval=0.80 [0.82]

nk = (1, 0, 0)
pval=0.64 [0.18]

nk = (1, 1, 0)
pval=0.97 [0.65]

nk = (2, 0, 0)
pval=0.99 [0.75]

nk = (2, 1, 1)
pval=0.32 [0.10]

nk = (3, 0, 0)
pval=1.00 [0.87]

nk = (2, 2, 2)
pval=0.34 [0.01]

nk = (4, 0, 0)
pval=0.51 [0.05]

20 / 25



Ratio - preliminary results
• a ' 0.06 fm, m′l/m′s = physical
• Bs → K
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Form factors - preliminary results
• B→ K
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Form factors - preliminary results
• B→ π
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Form factors - preliminary results
• Bs → K
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Plan

• Chiral-continuum fit

• Z-expansion

• Decay rates

• |Vub|/|Vcb|
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Thank you for your attention. :)


